MACROSCOPIC EXAMINATION
The placentas associated with perinatal deaths usually exhibit an increase in weight and size as well as other features. In these cases the lesions are di¡use and severe, and they involve predominantly the villous plate. Hypotransparency of the fetal surface and thickening of the chorionic vessels are observed (F|gure 1). The maternal surface is pale and friable and presents an edematous aspect (F|gure 2). In cases of fetal hydrops the placenta is also hydropic. Nevertheless, the gross placental aspect may be apparently normal when associated with asymptomatic or mild symptomatic babies. In contrast to ascending infections, the free placental membranes generally preserve their transparency in hematogenous infections. Meconium impregnation of the membranes and umbilical cord are frequently observed in these placentas, indicating subacute or chronic fetal distress [1] .
The umbilical cord must be examined macroscopically in all its length because the distribution of the lesions are random. In cases of more severe infection, Wharton jelly may exhibit di¡use opacity or pearly areas intermingled with apparently normal areas. Segmental thickening, thrombosis, necrosis, and=or calci¢cation of the umbilical vessels (F|gure 3) also may be observed [1] . The best ¢xative for the placenta is bu¡ered formalin. For studies with immunocytochemistry and molecular biology ¢xation time must be very short. For microscopic study four sections including both plates must be made in each quadrant avoiding the marginal areas. Sections of both ends of the umbilical cord and of the roll of the free placental membranes also must be included.
MICROSCOPIC EXAMINATION
V|llitis frequently represents an indication of maternal bloodborne infection. When associated with asymptomatic or mild symptomatic neonates, it is usually focal and mild. On the other hand, di¡use villitis is generally associated with stillbirths or neonatal deaths.V|llitis may be chronic, chronic granulomatous, subacute, or acute. When present in the anchoring villi it is referred to as basal villitis.V|llitis is generally associated with collections of in£ammatory maternal cells in the surrounding intervillous space (intervillitis) predominantly in areas of trophoblastic necrosis [1] .
V|llitis has been classi¢ed as proliferative, necrotizing, reparative, and ¢brotic. The proliferative type is represented by in£ammation without necrosis. An association of in£ammation and necrosis characterizes the necrotizing type. In reparative villitis, there are cicatricial changes, vascular obliteration, and evanescent villitis. The villi are scarred and shrunken with no in£ammatory cells in ¢brotic villitis [2] . These types of villitis may be observed simultaneously as a consequence of the prolonged action of microorganisms during the course of the pregnancy.
The great majority of villitis are of unknown etiology. The frequency of villitis of unknown etiology (VUE) varies from 6 to 26% in international series [3] .VUE constitutes an important cause of intrauterine growth retardation (IUGR) and recurrent reproductive failure. Garcia studying 50 placentas of small-for-gestational age (SGA) babies of low-income women, found hematogenous placentitis in 74% of the specimens, most of themVUE [4] . There are no morphologic di¡er-ences between the substantial majority of speci¢c villitis and VUE [3, 5] . VUE has been explained by two theories. One proposes that this lesion represents a fetal immune response to microbial antigen, whereas the other suggests that maternal cells invade the maternofetal barrier and mount an immune response to fetal antigens [6] . The phenotype of the in£ammatory cells in VUE consists of macrophages and T-lymphocytes with predominance of the latter cells [6, 7] . In VUE placentas 30 to 54% of the in£ammatory cells are of maternal origin. However, the presence of maternal lymphocytes within the villi does not exclude an infectious etiology for this lesion [6] . Moreover, in the presence of villitis unrecognized infections cannot be excluded, mainly in developing countries where the frequency of congenital infections is much higher than in industrialized countries [1] .
Chronic intervillositis without villitis in nonmalaria women constitutes a condition associated with poor fetal outcome. It is composed mainly of macrophages. Its association with increased villous ¢brinoid material and atherosis suggest an immunologic origin, although the possibility that this lesion may have an infectious cause cannot be excluded [8] . Other aspects observed in hematogenous placentitis include:
1. Abnormalities in early placental development observed in some viral infections. The early localization of the viruses in the endothelium arrests the normal development of the vessels and impairs the sinusoidal transformation of the chorionic villous capillaries. 2. Involvement of the capillary bed represented by focal endothelial necrosis, pycnosis, and karyorhexis (F|gure 4). 3. Delay in the maturation process. 4. Subchorionic intervillitis and chorioamnionitis. 5. Fetal nucleated red blood cells in the villous vessels mimicking fetal erytroblastosis [1, 3, [9] [10] [11] .
In the umbilical cord, there is in£ammatory in¢ltration in or around the vessel walls, sometimes associated with necrosis and calci¢cation (necrotizing funisitis) [1] .
The placental histologic features are similar in several hematogenous placentitis. Thus, it is very important to detect the etiologic agent. However, through routine microscopic examination, the etiologic agent is not detected in most placentas. Notwithstanding, this routine examination always indicates the type of congenital infection, either hematogenous or ascending, giving the neonatologist a direction to search for the etiology of infection in the mother and=or the newborn. The hematoxylin-eosin (H&E) routine staining in some cases must be complemented by such other stainings as the periodic acid Schi¡ (PAS), Shorr, Brown-Hopps (a modi¢ed Gram stain), Warthin-Starry, etc. Immunohistochemical methods using monoclonal antibodies in fresh or para¤n-embedded tissue sections enhance the etiologic diagnosis.
There are other methods to detect the etiologic agent: culture and animal inoculation of placental tissues, electron microscopy, and molecular biology techniques using formalin-¢xed para¤n-embedded tissues. The best method of molecular biology to visualize microorganisms in the placenta is in situ hybridization of nucleic acids. It identi¢es the localization of the agent, making it possible to document its passage through the trophoblastic epithelium. Polymerase chain reaction (PCR) is a very sensitive method and may also be performed on para¤n-embedded tissues. As it does not localize the microorganism, PCR is not the diagnostic tool of choice for placental infections. Some of these laboratory techniques are expensive and only available in reference centers and for few microbes [1] .
It is important to emphasize the value of associating maternal data and clinicolaboratory aspects of the newborn with the pathologic placental ¢ndings to have more successful results in the etiologic diagnosis of the infections. In cases of perinatal deaths, it is necessary to correlate the autopsy ¢ndings with the pathologic examination of the placenta [1] .
RUBELLA
Macroscopic ¢ndings are not seen in a great number of infected placentas. Small placentas may be observed. The chorionic plate may exhibit segmental areas of hypotransparency, usually perivascular. In addition, the chorionic vessels may appear prominent due to thickening of their walls. The umbilical cord may present whitish opaque zones and thickening of its vessels [10] .
The placenta and the umbilical cord show generalized vasculitis with endothelial necrosis and karyorhexis due to the endothelial ¢xation of rubella virus. Acute villitis and intervillitis associated with trophoblastic necrosis and stromal hypercellularity also are observed (F|gure 5). Dysmaturity of the stem villi and terminal villi constitute a prominent aspect due to inhibition of mitosis and consequently impairment of structural di¡erentiation. In the basal and capsular decidua, a mononuclear in¢ltration is usually seen. Round or ovoid intranuclear or intracytoplasmic eosinophilic inclusions delineated by a clear halo may be seen in H&E stained sections (F|gure 6). They are also PAS positive, and stain red by the Shorr method.The inclusions are more frequently seen in decidual cells, extravillous cytotrophoblast, vascular endothelium, and amniotic epithelium. The rubella virus has been isolated from the placenta, and the viral antigen has been identi¢ed in the placentas and adnexae through the indirect immuno£uorescent test [10] .
CYTOMEGALOVIRUS INFECTION
Cytomegalovirus (CMV) infection constitutes a major cause of chronic villitis. Placental hypoplasia associated with SGA babies as well as thrombosis of the chorionic vessels and focal thickening of the membranes have been observed [12, 13] :
The microscopic features are often so scarce that only careful examination of many sections may detect the lesions. Vascular necrosis (F|gure 4), lymphoplasmacytic in¢ltration, villous necrosis, and ¢brosis are the main features of CMV placentitis and they may appear simultaneously. A granulomatous placentitis, villous immaturity, and increased number of macrophages can also be seen. The chorionic vessels may present in£ammation sometimes associated with thrombosis. When infection occurs early during gestation, a disordered development takes place and the stem villi as well as the chorionic villi may appear atrophic and malformed (F|gure 7). Necrotizing villitis has been observed in term placentas and constitutes evidence of recent infection [12] .
An aspect suggestive of CMV infection is the deposition of hemosiderin pigment around and within the villous vessels [3, 5] . However, the presence of iron deposits along the trophoblastic basement membrane and within Hofbauer cells must not be interpreted as evidence of infection because they can be seen in normal placentas [14] .
Phenotyping characterization of the in£ammatory in¢ltration of CMV placentitis demonstrates plasma cells, T-lymphocytes, and macrophages [5, 15] . However, plasma cells may be absent in CMV placentitis [15] .
The presence of typical cytomegalic cells with``owl-eye'' inclusion (F|gure 8) confers the diagnosis. However, they are more frequently found in placentas of abortions [12] . The inclusions are generally seen in the villous capillary endothelium but they also can be found in the stromal cells, trophoblast, decidua, and amnion [12, 16] .The cytomegalic cells are not always typical, probably caused by early necrosis and mineralization. Infected cells also may present intracytoplasmatic inclusions, but they are not diagnostic. In cases of doubt, methods of immunohistochemistry or in situ hybridization can clarify the diagnosis [17] [18] [19] [20] . These methods enable the diagnosis even when there is no evidence of placentitis [20] .
HUMAN IMMUNODEFICIENCY VIRUS (HIV) INFECTION
Placental infection by HIV may occur as early as the eighth week of gestation [21] . No gross abnormalities have been observed in these placentas. Microscopically villous hypercellularity, immaturity of the terminal villi, and vasculopathy have been described [1, 22, 23] . A high frequency of chorioamnionitis has been observed but probably caused by associated ascending infections [22] .
HIV has been demonstrated in villous trophoblast, endothelial, and stromal cells through immunohistochemistry or in situ hybridization even in placentas of very early gestation [1, 21, 24] .
By electron microscopy viral particles consistent with HIV have been observed within the syncytiotrophoblast, decidual cells, umbilical vessels, and less frequently within placental macrophages. These ¢ndings are associated with hyperplasia and hypertrophy of macrophages that contained increased number of lysosomes. However, the placentas of mothers submitted to antiretroviral treatment do not show viral particles or macrophage hyperplasia and hypertrophy [25] . Detection of the virus in the placenta can be achieved by immunohistochemistry using a p24-speci¢c monoclonal antibody or by in situ hybridization [23, 24] .
HEPATITIS B
The placentas of mothers with active hepatitis B may present a yellow-green discoloration of the villous tissue. Microscopically, large amounts of bilirubin are seen in the Hofbauer cells, the trophoblastic cells, and in the chorionic membrane macrophages but in£ammatory in¢ltration and villous necrosis are not detected. Nevertheless, focal syncytial necrosis can be observed in placentas of women with hepatitis B [13] . In some studies in which the fetal infection was well proved, the placentas were not evaluated [26, 27] . Lucifora et al. studying placentas of asymptomatic carriers through immunohistochemistry, observed hepatitis B surface antigen (HBsAg) and hepatitis B core antigen (HBcAg) in Hofbauer cells, trophoblast, ¢broblasts, and capillary villous endothelium [28, 29] . Morphologic examination of the placentas showed only prominent congestion of the villous capillaries and edema of the villous stroma. There are no placental studies in hepatitis A,C, E, and G [13] .
VARICELLA AND VACCINIA
The placental lesions in varicella, smallpox, and vaccinia are similar in many features but the most severe lesions were found in smallpox. Smallpox has been successfully eradicated so that cases of smallpox infection should no longer be seen.
Besides the usual features of hematogenous placentitis, widespread miliary yellow-whitish areas, distributed in the villous plate and fetal surface, may be observed. The microscopic examination detects granulomatous villitis with extensive areas of necrosis (F|gure 9) [30] . However, placental alterations in maternal varicella are not a frequent ¢nding [31] .
Nuclear inclusions can be seen in decidual cells [30] . In some cases no inclusions are observed in the placentas, but the diagnosis can be achieved through examination of fetal organs or by molecular biology [13] .
Maternal vaccination during pregnancy also may cause severe fetal and placental lesions, identical to those described above [30] .
HERPES SIMPLEX
In addition to the hematogenous route, the placenta and adnexae may become infected by the ascending route [32] or by contiguity with latent endometrial lesions [33] .
The herpetic villitis is generally di¡use. It consists of lymphoplasmacytic in¢l-tration and villous necrosis sometimes associated with a granulomatous reaction 
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(F|gure 10). A similar in¢ltrate is observed in the decidua. Nuclear eosinophilic inclusions with nuclear margination of the chromatin has been observed in the amniotic epithelium, decidual cells, trophoblast, as well as in endothelial cells [34] . Infected cells can be detected in placenta and adnexae through immunohistochemistry, in situ hybridization, and=or electron microscopy even in placentas without in£ammatory lesions [35, 36] .
PARVOVIROSIS
Among 86 Brazilian cases of nonimmunologic fetal hydrops, Garcia et al. observed 6 cases of parvoviroses (7%) [37] . The diagnosis was based on morphologic examination, in situ hybridization, dot-blot hybridization, and electron microscopy. Overall the placentas present increased weight and are pale and edematous. Hypotransparency of the membranes and thickening of the umbilical cord vessels are observed.
Intravascular nucleated red cells with nuclear inclusions can be seen by H&E staining (F|gure 11). The most striking abnormality is vasculitis that a¡ects all the placental vessels with swelling, fragmentation, or necrosis of endothelial cells. Besides hydrops and dysmaturity of the villous structures, chronic villitis and intervillitis are observed [37] . V|llous necrosis with calci¢cation also has been described [38] . In cases with transient hydrops, the placenta may be apparently normal, grossly and microscopically [39] . In some cases no inclusions are observed in the placenta but the diagnosis can be achieved by immunohistochemistry, using a commercially available monoclonal antibody, in situ DNA hybridization, or dot-blot hybridization [40] [41] [42] .These methods also must be used to con¢rm the histopathologic diagnosis. 
ENTEROVIROSES
Placental lesions have been described in infections caused by echoviruses 11, 13, 15, 17, 18, 19, 21, 23, 24, 25, 27 , and 33, and coxsackie viruses A9, B2, and B6 [43] [44] [45] . They present the usual gross features of hematogenous placentitis, and the microscopic lesions are identical in both infections. The predominant patterns consist of acute villitis and intervillitis, intervillous thrombosis, extensive areas of necrosis, and vasculitis. Less frequently, chronic villitis with macrophagic predominance and a granulomatous pattern also can be seen (F|gure 12). Chorionic and umbilical vessels exhibit areas of mural myolysis, edema, and scanty perivascular mononuclear in¢ltrate as well as invasion of the vessel wall by leucocytes. A heavy mono- 
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A. L. Bittencourt and A. G. P. Garcia nuclear in¢ltration is a common ¢nding in the stem vessels. In some cases, a mild mononuclear and neutrophilic in¢ltration is seen in the chorionic plate [43] [44] [45] . Although transplacental infection by poliovirus had been demonstrated through isolation of the virus from the placenta, there are no references to placental pathology [13] .
TOXOPLASMOSIS
Congenital toxoplasma infections occur when the woman has her primary contact with Toxoplasma gondii during pregnancy. Notwithstanding, there are few reports of human toxoplasmosis occurring in successive pregnancies [46] .
The parasite appears in the placenta as tachyzoites and=or cysts containing the bradyzoitic forms. The tachyzoites proliferate rapidly within vacuoles in their host cells and when the cytoplasm becomes full of parasites, the cell ruptures eliciting an in£ammatory reaction [46] .
When infection occurs during the ¢rst and second trimesters, the placenta exhibits more marked lesions [11] . Besides the gross features common to hematogenous placentitis, thrombosis and calci¢cation of the chorionic and umbilical vessels may be observed [13] .
The villous plate may exhibit arrest of maturation, vasculitis with necrosis and mineralization, and villous and perivillous mononuclear in¢ltration. Accumulation of mononuclear cells beneath the trophoblastic layer may be seen, sometimes associated with parasites. The in£ammatory in¢ltration consists of macrophages, lymphocytes, and less frequently plasma cells. Granulomatous villitis is less commonly observed. Lymphoplasmacytic in¢ltration frequently is present in the decidua basalis and capsularis [11] . The parasite is predominantly seen in the cystic form in villous macrophages, capillary endothelium (F|gure 13), and even within the trophoblast. The cysts also may be observed in Wharton jelly, in the chorion and amnion, and in the amniotic epithelium [11] .
When the placental infection is recent, the parasites are more frequently detected and appear as tachyzoites. They are crescentic or oval in shape and measure 2 to 4 mm wide and 4 to 8 mm long. They may be observed in the villous plate and also in the amniochorium and Wharton jelly, sometimes within the amniotic epithelium [1] .
Because of the similarity of T. gondii and the amastigote forms of Trypanosoma cruzi, it is necessary to make the di¡erential diagnosis between these two organisms. Con¢rmation of diagnosis can be achieved through immunohistochemical methods.
CHAGAS' DISEASE (AMERICAN TRYPANOSOMIASIS)
The placental infection occurs when trypomastigotes present in the intervillous space penetrate the villous stroma where they transform into amastigotes within macrophages (F|gure 14). These forms proliferate until the a¡ected cells rupture eliciting an in£ammatory reaction.
In the subclinical neonatal infection, the placentitis is mild and focal without or with rare amastigotes. Sometimes the parasites are seen only in the umbilical cord. When associated with stillbirths and neonatal deaths, the placentas show a di¡use and marked villitis and perivillitis with heavy parasitism. The in£ammation is usually chronic but it may also be subacute or chronic granulomatous with epithelioid and multinucleated giant cells. In the severe form of chagasic placentitis, there is extensive destruction of the villous trophoblastic epithelium, and di¡use in¢ltration of the stroma and surrounding intervillous space by macrophages, 
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A. L. Bittencourt and A. G. P. Garcia lymphocytes, and less frequently by plasma cells and neutrophils. Complete disorganization of the villous plate frequently is observed resulting in villous aglutination and extensive necrosis. Separation of the trophoblastic epithelium from the villous stroma associated with the presence of mononuclear in¢ltration between these structures frequently is seen [9, 47] . A chronic subchorionic intervillitis and chorioamnionitis also have been observed. As in other congenital infections, placental involvement without fetal disease has been reported [9] .
Immunocytochemical studies demonstrate that the in£ammatory in¢ltrate in chagasic placentitis is composed mainly of CD68 ‡ macrophages and CD8 ‡ lymphocytes. MAC387 ‡ monocytes of probable maternal origin and neutrophils (CD15 ‡) were observed attached to the areas of trophoblastic necrosis or below the intact trophoblast [48] .
Parasites are usually present within macrophages in the villous plate, in the fetal surface of the placenta, and in vessels of the umbilical cord. However, in some cases, parasitized giant cells with single and large hyperchromatic nuclei have been observed. They are transformed macrophages and are probably related to the T. cruzi strain [49] . Amastigotes also have been observed inside the trophoblastic epithelium (F|gure 15) [9] .
Infection of the amnion of the free membranes has been described, associated with parasitism of the alveolar wall. The amniotic epithelium covering the umbilical cord may also be parasitized. The simultaneous observation of parasites in the amniotic epithelium and in the alveolar wall indicates that the amniotic £uid was infected in these cases [50] . In the umbilical cord, speci¢c vasculitis and parasitism of Wharton jelly may be observed [47] . The amastigotes of T. cruzi may be histologically misdiagnosed as T. gondii. However, the amastigotes of T. cruzi present anterior to the nucleus, the kinetoplast structure, that is lacking in toxoplasma [49] . Another means of di¡erentiation is through staining by PAS method because only the toxoplasma cysts are PASpositive. In cases of doubt, immunohistochemical identi¢cation of amastigotes or toxoplasma using para¤n-embedded sections and anti-T.cruzi or antitoxoplasma antibodies are con¢rmatory. Considering that the placenta may be parasitized in visceral leishmaniasis [51] , it is necessary to make the di¡erential diagnosis between the amastigotes forms of T. cruzi and Leishmania donovani or L. chagasi achieved through immunohistochemical methods using monoclonal antibodies. Also, the di¡erent clinical aspects of maternal disease may enable the di¡erential diagnosis.
MALARIA
Placental involvement in malaria is frequently observed even though congenital infection is a rare occurrence. Malarial-associated lesions has been observed in 52% and 56% of the placentas of endemic areas, but parasitism was observed in only 26% of them [52, 53] . All species of plasmodium may cause placental changes that did not present qualitative di¡erences [53, 54] .
The macroscopic aspect of the infected placentas may be normal; however, its mean weight is signi¢cantly less than that of normal placentas. When severely a¡ected, the organ may present a mottled gray discoloration on cut surface [54] .
Placental malarial changes are represented by parasitism and cell concentration in the intervillous space, malarial pigment deposits, syncytiotrophoblast necrosis, and thickening of the trophoblastic basement membrane. Excess of perivillous ¢bri-noid deposits and syncytial knotting also are observed [54^56]. The placental changes are classi¢ed into three categories: (1) active infection when parasites in maternal erytrocytes and pigment in erythrocytes and=or monocytes are observed; (2) active chronic infection when, besides these aspects, pigment is found within ¢brin, and in the villous stroma and=or villous syncytiotrophoblast; (3) postchronic infection when there is no parasitism and malaria pigment is observed within ¢brin [52] .
Intervillous in£ammation is the most frequent pathologic ¢nding associated with malaria and it is more severe in primiparas than in multiparas [57] . The cells present in the intervillous space are monocytes, macrophages and in less proportion T-and B-lymphocytes An increase in the number of monocytes, macrophages, and cytotoxicT-cells is associated with severity of infection [58] . The malarial intervillous in¢ltration must be di¡erentiated from the massive chronic intervillositis, a placental lesion though to be of immunologic origin [8] . Focal villitis is found in some cases of malaria, but there is no evidence that it is caused by the plasmodium [56] .
Parasites are seen within red blood cells (F|gure 16) and=or macrophages in the intervillous space. All intraerythrocytic maturation phases of plasmodium are 416 
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observed in the intervillous space, but the trophozoitic forms predominate [54] .
Researchers have demonstrated that placental histology is more sensitive than peripheral blood examination in detecting malarial infection during pregnancy [57] . Placental and umbilical cord blood parasitism are higher in HIV-positive mothers than in HIV-negative mothers [59] . Malarial brown pigment results from the destruction of parasitized red blood cells. It is seen in deposits of ¢brinoid, within macrophages or free in the intervillous space, but less frequently it is also observed inside the trophoblast and villous stroma [52, 54] . The histopathologic sections must be examined under polarized light to assess the presence of this pigment [52] .
The perivillous ¢brinoid deposits are generally associated with necrosis and other abnormalities of the trophoblast and its basement membrane. Ultrastructurally, partial microvillous loss, accumulation of a ¢lamentous substance in the cytoplasmic vacuoles, and thickening of the basement membrane are observed [54, 56] . These lesions seem to have an immunologic basis. Depositions of plasmodium antigen, IgG, and C3 have been detected in these structures [56] .
The thickening of the trophoblastic membrane may alter fetomaternal exchange explaining the deleterious e¡ect of placental lesions on fetal growth [53] . Excessive monocyte concentration present in the intervillous space in 28% of infected placentas and perivillous excess of ¢brin might result in some decrease in perfusion and e¡ective surface area for biochemical exchange [60] .
SYPHILIS
The severity of placental syphilitic lesions depends on the age of gestation when infection occurs. Despite general knowledge that Treponema pallidum does not transmit before the 20th week of pregnancy, its presence has been well documented in 9-10-week-old fetuses through electron microscopy and immuno£uorescence techniques [13] . Braunstein [61] described typical placental lesions allied to the presence of T. pallidum in a 17-week-old abortion [61] .
The placentas of stillbirths and neonatal deaths generally present the typical gross aspects of hematogenous placentitis.The umbilical cord is frequently involved and it may present milky and thickened vessels (F|gure 3) [1] .
The placental histologic aspects are characterized by villous hypercellularity, proliferative vascular lesions, and delay in maturation. The most severe proliferative vascular changes (F|gure 17) consist of endovascular proliferations with narrowing of the lumen and perivascular concentric ¢brosis [1, 62, 63] . V|l-litis is represented by a lymphoplasmacytic in¢ltrate together with neutrophils. Intervillitis and the foci of necrotic villi surrounded by neutrophils are also observed. A granulomatous reaction may be observed, sometimes associated with gummas (F|gure 18), although less frequently [64, 65] . V|llitis and perivillitis may be absent in some cases of syphilitic placentas even when associated with perinatal deaths [64] .
Lymphoplasmocytic in¢ltration with extensive areas of necrosis may be seen in the decidua. Acute subchorionic intervillositis, chorioamnionitis, and choriovasculitis also are observed [1] .
The umbilical cord may show polimorphonuclear or mononuclear in¢ltration of the vessels and Wharton jelly. A necrotizing funisitis may be observed (F|gure 19) that is considered highly suggestive of syphilis [66, 67] . However, it also can be observed in ascending infections [68, 69] . Studying 25 umbilical cords of women seropositive for syphilis, Schwartz et al. [70] observed that 50% had normal histology, 39% showed necrotizing funisitis, and only 11% had nonnecrotizing funisitis [70] . W|th only one exception, all the histologically normal-appearing cords presented spirochetes. They were observed in the vessels and in Wharton jelly, but they were more frequently seen in the vein wall.
Con¢rmation of syphilitic placentitis requires identi¢cation of T. pallidum in placental=fetal tissues. The organism may be visualized through silver impregnation (techniques of Levaditi, Steiner, or Warthin-Starry). It is more easily seen in the umbilical cord than in the placenta [1] . Spirochetes also may be detected in fresh imprints of the umbilical cord in dark ¢eld. Immunohistochemistry is useful to detect spirochetes in tissues [65, 67, 70] . According to Schwartz et al. the best methods for visualization of spirochetes are the modi¢ed Steiner procedure and the direct immuno£uorescent test using antibodies anti-T. pallidum, both giving similar results [70] .
LISTERIOSIS
Placental infection by Listeria monocytogenes may occur through hematogenic and=or ascending routes. When there is an ascending and hematogenic infection, the placenta is enlarged, voluminous with a blurred outline, and the chorionic plate is covered by a thick yellow exudate commonly pinpointed by creamy, nodular, prominent areas. The presence of whitish and homogeneous areas in the maternal surface is more rarely observed. Small yellowish areas of necrosis are always seen in the villous plate (F|gure 20). The presence of macroabscesses is the most characteristic ¢nding of placental listeriosis [71] .
Microscopic examination reveals an acute chorioamnionitis with subchorionic abscesses, necrosis of the chorionic vessels, and in£ammation of the umbilical vessels associated with the presence of many Gram-positive bacilli. The involvement of the villous plate is expressed by abscesses of neutrophils (F|gure 21). Older lesions are surrounded by granulomatous reaction with macrophages and epithelioid cells. The necrotic tissue is rich in organisms.The simultaneous presence of in£ammation of the free placental membranes indicates that the infection had occurred both by the ascending and hematogenous routes. Silver impregnation is a good method for the identi¢cation of the bacilli in tissue sections, but the Brown-Hopps stain also can be used [1] . Comparing the histopathologic examination of placentas with the results of L. monocytogenes cultures, Topalowsky et al. concluded that listeriosis could be diagnosed by placental examination alone and that this examination enables the correct diagnosis even in cases not suspected clinically [71] . Other agents that less frequently cause intravillous abscesses are Campylobacter, Escherichia coli, Proteus A. L. Bittencourt and A. G. P. Garcia mirabilis, and staphylococcus. These agents can be di¡erentiated from listeria by the Brown-Hopps method. However, care must be taken in the diagnosis since infection of Bacillus pumilis, a Gram-positive organism, may mimick listeriosis in the mother and causes acute villitis [72] . Immunohistochemical methods show an increase in sensitivity of detection of L. monocytogenes compared with routine bacterial stains [73] .
PLACENTAL INFECTIONS OF RARE OCCURRENCE Mumps
Severe and disseminated villous and intervillous mononuclear in¢ltration with extensive necrosis were observed in placentas of three abortions. The entire fetal vasculature was compromised in these cases. Eosinophilic and round inclusions were detected in the cytoplasm (F|gure 22) of decidual cells and villous stromal cells [74] .
Measles
In 2 term pregnancies in which the maternal infections occurred some days before delivery, vascular and villous lesions as well as intranuclear or intracytoplasmic, eosinophilic, round, or ovoid inclusions compatible with myxovirus were observed. Notwithstanding, the neonates were asymptomatic (Garcia, unpublished data). Moroi et al. identi¢ed the viral antigen by immunohistochemistry in decidua and syncyciotrophoblast in a case of fetal demise at 25 weeks, after an acute maternal infection [75] . The placenta was in¢ltrated by mononuclear cells but the fetus was not involved. There is no evidence in the literature of fetal involvement in measles [13] .
Human T-Cell Lymphotropic Virus Type One (HTLV-I) Infection
Vertical transmission from HTLV-I carrier-mothers occurs mainly by breastfeeding, however, there are cases of vertical transmission in children who were not breastfed [76] . In these cases the infection may have occurred through the transplacental route or contamination in the birth canal. Other studies indicate that mother-to-fetus transmission may occur through the placenta. They demonstrated viral antigen or provirus in cord blood mononuclear cells [77, 78] .
There is only one report of HTLV-I infection of the placenta. Fujino et al. studied cultured placental villous cells of nine placentas of HTLV-I-positive mothers using PCR and immunocytochemistry. They observed the presence of the virus in 22% of the placentas. Examination of the children was not performed. The manifestations of HTLV-I infection vertically acquired are of late-onset, generally occurring in adulthood.
Schistosomiasis
Placental schistosomiasis has been described in infection by Schistosoma mansoni and S. haematobium. In schistosomiasis by S. mansoni, the adult worms migrate against the blood £ow from the portal system to the hemorrhoidal plexus. They deposit eggs in the vessels of the intestinal mucosa and submucosa, just as in the terminal branches of the mesenteric veins. Due to the existence of anastomoses between the hemorrhoidal plexus and the uterine veins, both worms and eggs can be carried along the female genital organs. Unlike the other pathogens that gain ac- cess to the placenta through the arterial circulation, the schistosoma and its eggs, localized in the uterine veins, attain the intervillous placental space through the venous circulation, moving against the bloodstream [80] .
The rarity with which placental schistosomiasis is related may be due to the dif¢culty in ¢nding eggs and the necessity of making many sections to obtain the diagnosis [81] . Renaud et al. dissolving 322 placentas with sodium hydroxide, found eggs of S. haematobium in 22.3% of their cases [81] . However, they obtained only 0.3% positivity by the study of routine histologic sections.
Gross placental abnormalities have not been observed in placental schistosomiasis. Microscopically, the lesions caused by S. mansoni predominate in the intervillous space but also can be seen in the decidua and in the villi. The eggs provoke a granulomatous reaction composed of macrophages, neutrophils, epithelioid cells (F|gure 23), and less often multinucleated giant cells. In contrast to what is seen in other organs, eosinophils are not observed in the placenta.The granulomatous reaction present in the intervillous space may involve the neighboring villi with destruction of the trophoblastic epithelium. Eggs can be seen within the villi, either with or without an in£ammatory reaction (F|gure 23). The villitis and the presence of eggs inside the chorionic villus probably may result from trophoblastic lysis by enzymes liberated by the eggs. The lesions are mainly observed near the decidua. Less frequently, adult S. mansoni and schistosomules are seen inside decidual placental vessels or in the intervillous space. Foci of chronic in£ammation or parasitized granulomas may be observed in the decidua [80] .
The di¡erential diagnosis of placental schistosomiasis should include other forms of granulomatous placentitis such as tuberculosis, Chagas' disease, toxoplasmosis, and some viral infections. When the lesions are localized in the neighborhood of the decidua, schistosomiasis is suggested, but a de¢nitive diagnosis can only be made by identifying the parasite that requires study of many histologic sections.
Visceral Leishmaniasis
Placental involvement is rarely described in visceral leishmaniasis. The amastigotes are seen inside and outside villous macrophages in the absence of an in£am-matory reaction. Focal necrosis of the trophoblast is also observed [51, 82] . The tissue forms of the parasite are the amastigotes, that are structures identical to the amastigote forms of theT. cruzi.
Borreliosis (Lyme Disease)
Borrelia burgdorferi rarely a¡ects the placenta. Placental changes range from unremarkable to in£ammation of the villi with plasma cells and increased number of macrophages [83] . The organism has been detected even in placentas of asymptomatic infected mothers, although in a low frequency (5%), as demonstrated through silver staining and con¢rmed by PCR [84] . Spirochetes can be visualized within villi, in the intervillous space or chorionic membranes through immunohistochemistry using monoclonal antibodies [83] . When spirochetes are detected in silver-stained preparations, it is mandatory to consider the di¡erential diagnosis with syphilis.
Brucellosis
Brucellosis is a frequent cause of abortions in animals. Although this bacterium has been isolated from the human placenta and fetus, no in£ammatory lesions have been described [13] .
Campylobacter Fetus
There are rare reported cases of systemic C. fetus infection during gestation. When described, the placenta is abnormal, with necrosis or abscess formation. In some cases, the organism has been isolated from the placenta and fetal organs [85] .
Chlamydia
The chlamydias are bacteria with an intracellular life and self-reproduction. Chlamidia trachomatis is pathogenic for humans and C. psittaci for animals. The placental C. trachomatis infection is considered to occur only by the ascending, route [13] . However, Garcia et al. described a placentitis by C. trachomatis that presented acute villitis and intervillitis associated with mild chorioamnionitis [86] . In this case chlamidial-like bodies were recognized in the villous trophoblast, extravillous cytotrophoblast, amnionic epithelium, and decidua in H&E routine sections.
The indirect immuno£uorescent test using antichlamidia monoclonal antibodies revealed apple-green intracellular structures with the same morphology (F|gure 24) C. trachomatis was detected in the mother through routine cervical smears and was isolated from the cervix in cell culture.
The chlamydial bodies can be detected in H&E routine staining or in sections stained by Giemsa, PAS, and Papanicolaou. The diagnosis must be con¢rmed by isolation of chlamydia through culture, electron microscopy, or by immunohistochemistry using monoclonal antibodies anti-C. trachomatis [86, 87] .
Placental C. psittaci infection is a frequent cause of abortion in sheep and other animals, although it is rarely recognized as a cause of human abortion and premature birth. In the reported human cases, the infection was of sheep origin acquired by farmers' women who assisted at sheep lambing [13, 87, 88] . Marked and acute intervillitis, villous necrosis, vasculitis, and large and dense basophilic intracytoplasmic inclusions have been described in grossly normal placentas. The inclusions are seen in the syncytiotrophoblast and cytotrophoblast on staining with H&E, Giemsa, and methylene blue. They also can be stained speci¢cally for chlamydial antigen using immunoperoxidase technique. By electron microscopy, inclusions are packed with chlamydial bodies [13, 87, 88] .
Leprosy
Only women with the multibacillary forms of disease (lepromatous and borderline forms) may infect the placenta but it is very di¤cult to ¢nd Mycobacterium leprae in the placentas [13] . Duncan et al. examining 81 placentas of multibacillary patients did not detect bacilli in histologic lesions [89] . Detection of few acid-fast bacilli was possible in only 2 of 7 placentas studied through a concentration technique. 
Q-Fever (Coxiella Burnetti Infection)
Placental infection by C. burnetti has been rarely described. It consists of multiple foci of necrotizing villitis in which this organism can be identi¢ed by immunohistochemical staining [90, 91] .
Tuberculosis
Placental infection may result from dissemination of Mycobacterium tuberculosis through the maternal blood to the intervillous space or by contiguity with tuberculous lesions of the oviduct and endometrium.
Placental involvement may be severe and extensive but in cases of early infection, bacilli can be found without microscopic lesions. Microscopically, granulomatous lesions with central caseous necrosis involving the decidua and the villi are observed [92] . These aspects must be di¡erentiated from viral granulomatous lesions and schistosomiasis. In viral placentitis, other lesions are observed in addition to granulomas. Also, acid-fast bacilli are observed in tuberculous placentitis in sections stained by Ziehl-Nielsen or other similar methods.
Tularemia
It constitutes a rare congenital infection caused by Francisella tularensis. The placenta and the fetal organs present granulomatous lesions with central necrosis [13] .
Mycotic Infections
There are references to hematogenous placental involvement in paracoccidioidomycosis, coccidioidomycosis, and cryptococcosis. However, the fungi are observed only in the intervillous space and the fetuses are not involved. Placental infection in paracoccidiomycosis is associated with severe forms of maternal disease [93, 94] . In the intervillous space, budding yeast forms of the Paracoccidioides braziliensis are detected associated with neutrophils.
The two cases of placental cryptococcosis (Cryptococcus neoformans infection) described in the literature occurred in immunode¢cient women: one had AIDS and the other used immunosuppressive therapy for lupus erythematosus. Abundant cryptococcal yeast cells were observed in the intervillous space without in£amma-tory reaction [95, 96] . However, immunohistochemical labeling of villous stromal cells in one placenta showed an increased number of villous macrophages [95] .
In cases of coccidioidomycosis, multiple infarcts have been detected. An acute in£ammatory response with necrosis and ¢brin deposition is observed, associated with spherules of Coccidioidis immitis [13] .
The morphology of the fungi is better visualized with silver impregnation or PAS staining. The capsule of C. neoformans is strongly positive with mucicarmine or alcia-blue stains [96] . 426 A. L. Bittencourt and A. G. P. Garcia 
